A rapid, efficient, convenient and cost-effective procedure has been developed for the synthesis of 3,5-bis-(arylmethylidene)-tetrahydropyran-4-ones by the condensation of tetrahydropyran-4-one with araldehydes in the presence of catalytic amount of iodine to obtain the products in good to excellent yield. The reactions work at 25 C and go to completion within 30-60 min.
INTRODUCTION
3,5-Bis-(arylmethylidene)-tetrahydropyran-4-ones are very important group of heterocycles that have many applications in both pharmaceutical and industrial research. They are also used widely in bioorganic applications, [1] and as useful and key precursors in the synthesis of a number of heterocyclic compounds.
[2] On the other hand, only a few methods are available in the literature for the synthesis of these bioactive molecules. The important methods include the reaction of tetrahydropyran-4-one or tetrahydrothiopyran-4-one with substituted benzaldehydes in the presence of catalysts such as Ba(OH) 2 in MeOH, [3] a mixture of MgBr 2 Á OEt 2 and Et 3 N in MeOH, [4] LiClO 4 -TMSNEt 2 , [5] HCl in AcOH, [6] and a mixture of LiBr-Et 3 N in CH 2 Cl 2 . [7] However, many of these methods suffer drawbacks such as: i) Low yield of the products; ii) Require additional reagent; and iii) Take long duration for completion of the reaction.
Molecular iodine has also received considerable attention in organic synthesis as an inexpensive, easily available and environmentally benign catalyst for effecting various organic transformations. [8] In continuation of our research program on effective utilization of simple and readily available reagents for various organic transformations and for the synthesis of biologically important compounds. We in this paper, describe our finding on the formation of 3,5-bis-(arylmethylidene)-tetrahydropyran-4-ones via a double condensation reaction of araldehydes with tetrahydropyran-4-one in the presence of catalytic amount of Iodine at room temperature to get good to excellent yield of the desired products (3, Scheme 1).
Recently, we from our laboratory, have reported procedures wherein molecular iodine has been utilized as an efficient catalyst for the synthesis of azalactones, [9a] b-acetamido-b-aryl-propiophenones
[9b] and xanthenes.
[9c]
RESULTS AND DISCUSSION
As a preliminary study, we treated p-anisaldehyde (10 mmol) with tetrahydropyran-4-one (5 mmol) and catalytic iodine to get 3,5-bis-(4-methoxybenzylidene)-tetrahydropyran-4-one in DCM. To optimize the amount of iodine required for the catalytic activity 2 mmol, 1 mmol, 0.5 mmol and 0.1 mmol of iodine was employed for the purpose, and the best result was obtained with 0.1 mmol of iodine in terms of yield and reaction duration at 25 C (95%, 60 min). In the absence of iodine, the reaction did not proceed. We next investigated the scope and generality of the reaction in which 3,5-bis-(arylmethylidene)-tetrahydropyran-4-ones (3a-3h, Table 1 ) were successfully prepared in high yield using various substituted araldehydes. In all cases, the reactions proceed rapidly and go to completion within 30-60 min at 25 C.
MECHANISM
A plausible mechanism for the formation of 3,5-bis-(arylmethylidene)-tetrahydropyran-4-ones has been envisaged in Scheme 2. It is assumed that, araldehyde gets activated in the presence of iodine in the first step of the reaction. In the subsequent step condensation of the activated araldehyde with tetrahydropyran-4-one [which may exist in the enolic form] takes place to give 6, followed by elimination of a molecule of water to give the monoarylmethylidene intermediate 7 (not isolated). 7 may react with another molecule of activate araldehyde in the next step to give the product 3 as shown in Scheme 2.
EXPERIMENTAL
All reagents were commercial and used without further purification. The products were characterized by IR, 1 H NMR, 13 C NMR, and LC-MS spectral analyses. The IR and NMR spectra of the products were recorded on Shimadzu FT-IR-8400s Scheme 1. 3,5-Bis-(arylmethylidene)-tetrahydropyran-4-ones synthesis from araldehydes and tetrahydropyran-4-one.
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and Bruker AMX 200-MHz spectrophotometers respectively. LC-MS was performed on an Agilent Technologies 1200 series instrument.
Typical Procedure for the Preparation of 3,5-Bis-(arylmethylidene)-tetrahydropyran-4-ones
A mixture of tetrhydrpyran-4-one (1, 5 mmol), araldehyde (2, 10 mmol) in DCM (20 ml) was stirred at 25 C in the presence of iodine (0.1 mmol) for an (Table 1 ). The course of the reaction was monitored by TLC (15% ethyl acetate in light petrol). At the end of the reaction, a syrupy liquid was obtained which when allowed to stand at room temperature for 30 min gave a solid. The solid so obtained was washed with saturated Na 2 S 2 O 3 solution and dried over anhydrous MgSO 4 to get the crude product. The crude was subjected to purification by recrystallization from ethyl acetate.
CONCLUSION
In conclusion a rapid, efficient and cost-effective procedure has been developed for the synthesis of 3,5-bis-(arylmethylidene)-tetrahydropyran-4-ones. The procedure is simpler and faster than the protocols published to date. It is also consistent with a green chemistry approach since no heating or additional equipment is required. The catalyst used is inexpensive, non-toxic, non-corrosive and readily available chemical that is commonly found in most organic chemistry laboratories. The simplicity, together with the use of inexpensive, non-toxic and environmentally benign catalystIodine at 25 C is a remarkable feature of the procedure.
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